Flow injection (FI) techniques have been used for a wide variety of pre-treatment procedures132 for atomic spectrometry. In addition to chemical manipulations such as matrix modification (by ion exchange, solvent extraction or vapour generation), several methods of exploiting the controlled dispersion characteristics of FI manifolds for on-line dilution of samples and standards have been described. These methods include the use of merging. streams3 and zones,4 control of sample volume,5 variation of manifold dimensions6 and a number of time-based methods such as zone sampling,7 peak-width measurements and continuous dilution. 9 The recent literature concerning FI techniques for atomic spectrometry, including flame atomic absorption spectrometry (FAAS), has been reviewed. 10 Although it is not necessarily so, most FI manifolds used in conjunction with FAAS result in decreased sensitivity when peak height absorbance, the most commonly used analytical parameter, is compared with the steady-state absorbance value. Thus FI procedures contain an inherent dilution step. The manifolds that have been specifically designed to produce substantial dilution of the injected solution can be divided into two types: those that have a fixed dilution factor and those that have a variable dilution factor. This latter category of manifold can be further sub-divided into those manifolds capable of producing continuously variable dilution5.7.9 and those that are capable of several discrete dilution stages. 6 With the first type of manifold calibration is performed in the usual way. A set of calibration standards is prepared in calibrated glassware and introduced sequentially via the FI manifold. With the second type of manifold, calibration is achieved with a single standard solution as the working range is covered by sequential selection of a variety of dilution factors by alteration of the appropriate manifold parameter.
In this paper a method of achieving a variety of dilution factors for a single injection without the need for controlled timing of any operation is described. The manifold used is * This paper is dedicated to the memory of Professor John M. 0 tt away. referred to as a "network," i.e., it consists of, in general, several branching and confluence points. The manifolds used here contained one of each type of point. If the network consists of tubing of different dimensions then the injected zone will be unequally split between the branches, and as residence times of the sub-sampled zones in each branch will differ, on recombination multiple peaks will be produced. In general, for n unequal branches, n peaks will be produced. The simplest network manifold is shown in Fig. l(a) and the resulting instrument response in Fig. l(b) . The generation of multiple peaks is normally used in flow injection techniques for the "simultaneous" determination of several analytes in the same sample.11 However, one of the earliest publications on FI12 described the manifold shown in Fig. l ( a ) for the determination, by solution spectrophotometry, of chloride. Peak ratios of up to 10: 1 were shown to be possible by appropriate choice of dimensions for the tubing between the split and confluence points, though for the analysis of real samples (river, estuary and sea water) a 3 : 1 ratio was used. The same manifold has been studied in detail by Fernandez et al. 13 who established experimentally the relationship between the ratio of the peak heights (expressed as a ratio of dispersion coefficientst) and a number of experimental variables including tube length, flow-rate, volume injected and temperature. A network manifold containing ionexchange mini-columns has been devised for the simultaneous determination of chloride and nitrate. 14 In all of these previously described uses of network manifolds, the analytical parameter used was maximum peak height. In the work described here, use is made of both the instrument response at the minimum between peaks and the response at the peak maximum.
t Dispersion coefficient is defined as the ratio of the injected concentration to that at the point of measurement (usually peak maximum). For an instrument with a linear response, the dispersion coefficient may be found from the ratio of steady-state response to that at the point of measurement. 
Experimental Apparatus
The flow injection manifold consisted of a P.S. Analytical T-series rotary injection valve, an LKB Microperpex peristaltic pump and 0.65 mm internal diameter PTFE tubing. For the two-branch network, the split and confluence connectors were Y-pieces constructed in-house, for the three-branch manifold Alltech type 05-40-5108 connectors were used. These are similar to the AutoAnalyser PTlO connectors. The connectors were mounted vertically to avoid the accumulation of small air bubbles at the branch points. The atomic absorption spectrometer was a Baird Atomic Model A3400 and the absorbance -time response was recorded on a Philips Model AR55 chart recorder. Magnesium was used as the test element and the instrument was optimised for maximum sensitivity in the usual manner.
Procedure

Two-branch network
The manifold parameters [see Fig. l (a)] were: carrier, distilled water at a flow-rate of 6 ml min-1; volume injected, 85 yl; length of branch B1, 173mm; length of branch B2, 600mm. Between the injection valve and the stream-split point there was 110 mm of tubing, and between the confluence point and detector, 240 mm of tubing. Solutions covering the range 0.1-100mg1-1 of Mg were injected sequentially and the resultant multiple peak recorded. The dispersion coefficient corresponding to the two maxima and the minimum were calculated. Ten replicate injections of solutions containing 1.5, 15 and 40mg1-1 of Mg were made.
Three-branch network
The manifold is shown schematically in Fig. 2(a) . The detailed arrangement of the vertically mounted Connectors and connecting tubing between the split and confluence "points" is shown in Fig. 2(b) . The carrier stream was water flowing at 6 ml min-1, the volume injected was 82 pl and the lengths of branches B1, B2 and B3 were 237, 433 and 635mm, respectively. Between the injection valve and stream-split point were 112mm of tubing, and between the confluence point and detector 152 mm of tubing. A series of solutions covering the range 0.2-20mg1-1 of Mg were injected. Six replicate injections of each solution were made. The short-term 
Results and Discussion
Two-branch Network
The values of the peaks and minimum obtained with the two-branch network are given in Table 1 . The absence of an entry in a particular column indicates that the reading was off-scale (either below the detection limit or above the response range of the instrument). The relative standard deviations of the 1.5, 15 and 40mg1-1 solutions were 1.3, 1.4 and 2.670, respectively. The relative dilutions obtained at peak 1, peak 2 and the minimum were 1.0, 5.9 and 23, corresponding to dispersion coefficients of approximately 3.4, 20 and 77, respectively. To illustrate the high dilution capacity of this manifold, five replicate injections of the 100mgl-1 solution are shown in Fig. 3 , illustrating the use of the minimum between the peaks as a measurement point when the peak maxima are "off scale."9 The results show that a manifold of this type allows the extension of the working range up to 100mg1-1, which is approximately two orders of magnitude longer than the conventional working range. As the dilution produced is at least a factor of 3.4 (peak l), it would be expected that the lower limit of the useful working range of the network manifold would be about this factor higher than the conventional lower limit. 
Three-branch Network
Six replicate injections were made of a 2mg1-1 solution as shown in Fig. 4 , and the absorbance concentration data produced are given in Table 2 . Each entry is the mean of six 12, -, replicates and the corresponding relative standard deviations are given in Table 3 . These results give rise to five calibration graphs of different sensitivity as shown in Fig. 5 . The results of a least-squares regression analysis of the data in Table 2 are given in Table 4 , from which it can be seen that the calibration graphs are straight lines. Thus a ratio of instrument responses can be assumed to be equal to a ratio of concentrations and if the steady-state responses of the instruments were known, dispersion coefficient values for the five measurement points could be calculated. However, it is not necessary to know the steady-state response in order to use this manifold to calculate the concentrations of unknowns when it is known that the calibration function is linear. To illustrate this concept the injections of the 6 mg 1-1 solution may be used to calibrate the system for the analysis of the other solutions as unknowns. The basis of the method is as follows: let the steady-state absorbance for 6mg1-1 be s (a hypothetical value on an infinitely long linear calibration range), thus if the responses at the measurement points are pi, m 1 , p 2 , m2, p 3 (where p indicates a peak absorbance and ma minimum absorbance), then the dispersion coefficients of the five points are sf p i , slm i , s!p 2 , slm 2 and s/p 3 , respectively. When an unknown of concentration x mg 1-1 is injected, then five absorbance values are obtained, namely, P x i, m x1 , P x z, m x2 and P x3 and the corresponding hypothetical steady-state value would be sx/6. Thus the dispersion coefficients of the five points would be given by sx/6p x 1, sx/6m x 1 , sx/6p x2 , sx/6m x2 and sxl6P x3 · Equating these values with the corresponding values calcu lated on the basis of the 6 mg 1-1 solution gives
The results of this calculation are given in Table 5 . Only one result (that for the 0.60 mg 1-1 solution) shows bias at the 95% confidence level, although to some extent this is due to the fairly large values of the standard deviations obtained. In general with atomic absorption instruments, calibrations are not linear and thus this approach will be correspondingly less accurate as curvature increases. The manifold allows an increase in the working range of the instrument and for magnesium this would be to about 30 mg 1-1 as the dispersion coefficients of the measurement points are approximately 6.8, 10, 14, 22 and 28 for peak 1, peak 2, minimum l, peak 3 and minimum 2, respectively. As this range is too long to be usefully plotted on linear co-ordinates, the effect of trans forming to log -log co-ordinates is shown in Fig. 6 .
The day to day variation in relative absorbance values is given in Table 6 . The changes observed may all be explained on the basis of a decrease in the flow in B 1 [see Fig. 2(a) ]. This will increase the flow in the other two branches and thus the volume of the sub-sampled zones. This accounts for an increase in peaks 2 and 3 compared with peak 1. Thus, compared with the day 1 situation, the sample in B 1 is moving more slowly and the sample in B 2 more quickly and thus the peaks will be closer together and the minimum between them will increase (as is seen in Table 6 ). It can be seen from the change in heights of peaks 2 and 3 that the fluid in B2 is flowing faster than the fluid in B3 compared with the day 1 situation and thus the peaks will be further apart and the minimum between them will decrease (as is shown in Table 6 ). The short-term precision is poorer than would normally be expected for Fl-FAAS in which a single peak was obtained. Values for relative standard deviations of about 2% might typically be obtained at absorbance values well above the detection limit. It was observed that the peak heights (and minimum) were more affected by the presence of small air bubbles in the manifold than would be so for a single-line manifold. Although efforts were made to keep the manifold free from accumulated air bubbles, it is difficult to keep manifolds entirely free. De-gassing of solutions is of little value as PTFE tubing is porous to gases, and solutions rapidly take up gases during residence in the manifold. The tubing and connectors are not completely transparent and visual inspec tion of a manifold may not reveal the presence of a small air bubble which will restrict the flow in that branch of the manifold. Particulate material, such as filter-paper fibres, may also cause partial blockage of manifold tubing and could thus give rise to similar problems. It is possible that manifolds of this type, which are primarily designed to produce large dilution factors, could be constructed of tubing of wider bore than the usual 0.5--0.8 mm internal diameter tubing.
Conclusions
Large dilution factors may be obtained by using the minimum between two overlapping peaks generated from an asymmet ric two-branch network manifold. In conjunction with the appropriate peak values, the calibration range can be exten ded by at least two orders of magnitude with a relatively small sacrifice in detection limit. As with other FI methods of extending the working range upwards, the method may be used for analyses in situations where the best precision obtainable from FAAS is not required. Alternatively the method provides a rapid means of calculating a dilution factor to be used in conjunction with a more precise calibration strategy.
Attempts to obtain calibration data from a single injection into a three-branch network manifold were only partially successful. Although five calibration points can be obtained from a single injection, the dispersion coefficients associated with each of these points cannot be determined with any certainty and thus the concentrations corresponding to each point cannot be accurately calculated. However, the short term variations in dilution factors are sufficiently small for the manifold to be used as an on-line dilution device, with calibration by the injection of standards prepared by serial dilution in the normal way. However, in this mode of operation, the three-branch network offers nothing by way of advantage over the two-branch network and the latter design would be preferred, as it is less susceptible to fluctuations in the flow-rates in the branches of the network. If the drift in the dispersion coefficients for the three-branch manifold could be reduced, a manifold of this type covering a wider range of dilution values than the manifold described here could have potential as a practical dilution and calibration accessory for FAAS.
